Objective: The aim of this study was to identify predictors of baseline measures of health-related quality of life (HRQoL) in symptomatic patients with peripheral artery disease (PAD) from objective markers of severity of PAD, clinical and demographic characteristics, comorbid conditions, cardiovascular risk factors, objectively measured physical activity, and patient-based measures of physical function.
Peripheral artery disease (PAD) is not only highly prevalent, 1 costly, 2 and deadly, 3 but it also results in high rates of disability that may not be fully appreciated. Between 50% and 85% of those with PAD experience exercise leg pain that is either typical or atypical of classic claudication, 4 resulting in ambulatory dysfunction, 5 impaired physical function that declines over time, 6, 7 and low daily physical activity. 8 Consequently, it is not surprising that symptomatic patients with PAD have impaired health-related quality of life (HRQoL) compared with controls [9] [10] [11] and even worse scores than individuals with coronary artery disease and congestive heart failure. 12 The primary goal in treating symptoms is to improve ambulatory function and HRQoL. 13 Although much has been studied on exercise, pharmacologic, and peripheral revascularization interventions to treat ambulatory dysfunction, [14] [15] [16] comparatively little attention has focused on HRQoL in symptomatic patients with PAD, which may be of equal or greater concern to patients. Objective measures of PAD severity are related to HRQoL, 10, [17] [18] [19] but the strength of the associations is not strong, suggesting that quality of life is only partially attributed to PAD-specific outcomes. 18 This is further evident by observing that improvements in walking distances after an exercise program are greater than changes in HRQoL. 20 Consequently, other factors may be associated with HRQoL in symptomatic patients with PAD.
We have previously found that metabolic syndrome 21 and lower cognitive status 22 are both negatively associated with HRQoL in symptomatic patients with PAD, and another investigation found that hypertension is negatively associated with overall quality of life and general health. 18 However, the identification of factors associated with baseline HRQoL in symptomatic patients with PAD has been primarily limited to PAD-specific markers and has rarely considered comorbid conditions, 18 patient-based measures of overall physical function, and objective measurements of physical activity level.
The first step in designing appropriate interventions to improve HRQoL in symptomatic patients with PAD is to identify key baseline factors. The aim of this study was to identify predictors of baseline measures of HRQoL in symptomatic patients with PAD from objective markers of severity of PAD, clinical and demographic characteristics, comorbid conditions, cardiovascular risk factors, objectively measured physical activity, and patientbased measures of physical function.
METHODS

Patients
Approval and informed consent. The procedures of this study were approved by the Institutional Review Board at the University of Oklahoma Health Sciences Center (HSC). Written informed consent was obtained from each patient at the beginning of investigation.
Recruitment. Patients who were not currently exercising were recruited from vascular laboratories and vascular clinics from the University of Oklahoma HSC for possible enrollment into exercise rehabilitation programs to treat leg pain secondary to PAD. 14, 23 Baseline clinical assessments Protocol. Patients were evaluated in the Clinical Research Center at the University of Oklahoma HSC. Patients arrived in the morning fasted but were allowed to take their usual medications. To begin the study visit, patients completed the consent form, and their vital signs, demographic information, height, weight, body mass index, anthropometric measurements, and waist circumference 24 were recorded by research personnel.
Subsequently, patients had blood samples drawn by study nurses, which were then sent to the central laboratory at the University of Oklahoma HSC for fasting blood chemistry analysis. Patients then underwent a medical history and physical examination by study physicians, in which claudication history, comorbid conditions, cardiovascular risk factors, and current medications were recorded. After this assessment, patients rested supine for 10 minutes under standardized laboratory conditions. Ankle and brachial systolic blood pressures were then obtained according to standard guidelines 25 by exercise physiologists for the calculation of the ankle-brachial index (ABI). Patients then performed a screening graded treadmill test in which the ABI was measured from the more affected leg immediately after exercise 5 for the purpose of confirming that leg pain was of vascular origin, which was one of the criteria for study inclusion. Based on this battery of baseline assessments, patients were coded on cardiovascular risk factors and comorbid conditions according to standard definitions, 26 and patients were characterized on the presence, severity, and symptoms of PAD. Inclusion and exclusion criteria. Patients with symptomatic PAD were included in this study if they met the following criteria: history of ambulatory leg pain, ambulatory leg pain confirmed by treadmill exercise, 5 and ABI #0.90 at rest 4 Patients performed a graded treadmill test to determine study eligibility and then repeated the test on a following visit within 1 week to obtain the outcome measures of claudication onset time (COT) and peak walking time (PWT) as previously described. 5 Six-minute walk test. On another study visit after the maximal treadmill test, patients performed an overground, 6-minute walk test in which two cones were placed 100 feet apart in a marked corridor. 30 Trained exercise physiologists supervised the test and instructed the patients to walk as many laps around the cones as possible. The total 6-minute walk distance (6MWD) was recorded in feet and subsequently converted to meters.
Gait speed from a 4-meter walk test. Gait speed was measured from a 4-meter walk test in a hallway. 31 This test was performed twice at usual walking pace, and the walk with the faster speed was used in the analyses. Ambulatory activity monitoring. Daily ambulatory activity was assessed during a consecutive 7 days using a step activity monitor (StepWatch3; Ortho Innovations, Oklahoma City, Okla) to determine both the amount of daily walking (strides/d) and the cadence, or rate, of walking (strides/min). 32 Activities of daily living (ADLs). Patient-based physical functioning was determined from six ADLs primarily requiring lower extremity function as the major component. 31 Patients rated their ability to perform four lower level ADLs consisting of walking across a small room, bathing, transferring from a bed to a chair, and using the toilet. 33 In addition, patients evaluated their ability to perform two higher level ADLs consisting of walking up and down stairs to the second floor without help and walking a half-mile without help. 34 Patients selected one answer for each ADL from the following three possible choices: no difficulty, some difficulty, or unable to do. Mini-Mental State Examination questionnaire. The Mini-Mental State Examination is a 30-item measure of cognitive status. 35 It is the most commonly used screening measure for cognitive impairment and dementia and includes items that examine orientation, registration, attention, calculation, memory, language, and ability to follow simple commands. Walking Impairment Questionnaire (WIQ). Patientbased ambulatory ability was obtained using a validated questionnaire for PAD patients that assesses ability to walk at various speeds and distances and to climb stairs. 36 
Statistical analyses
Because this was an a priori exploration of risk factors on HRQoL based on a retrospective study, a power analysis was not performed. The summary statistics are presented as means and standard deviations for continuous variables and frequencies with proportions for categorical variables. Because of high dimensionality and potential correlation of risk factors, we first conducted an exploratory analysis based on univariate regression analyses, and only the variables with P values <.05 were considered for multivariate analysis. Afterward, the linear regression with the selected variables from the prescreening step was performed, and then stepwise selection based on the Akaike information criterion (a smaller value indicates a better model) and the c 2 tests for nested models were further employed to choose the optimal model with fewer risk factors and lower mean square error. All hypothesis tests were two sided with the significance level of .05. Data was analyzed using SAS 9.4 software (SAS Institute, Cary, NC).
RESULTS
The clinical characteristics of 216 patients are shown in Table I . The group consisted of older patients who were borderline obese. For PAD-specific and ambulatory measures, the mean ABI, COT, PWT, 6MWD, and gait speed were all impaired, consistent with patients with claudication. Furthermore, the perceived ability to walk for various distances and speeds and to climb stairs was impaired below a score of 40%, and the daily walking strides and cadence were low. As expected, there was a high prevalence of cardiovascular risk factors and comorbid conditions, with >80% of the patients having dyslipidemia, hypertension, and metabolic syndrome. Approximately 10% to 17% of the patients reported either having some difficulty with or being unable to perform basic ADLs, whereas the majority reported either having some difficulty with or being unable to perform higher level ADLs consisting of walking up and down stairs (74%) and walking a half-mile without help (85%).
The HRQoL measurements of the patients are shown in Table II . The scores of the physical health subscales were low and ranged between 45 and 60 for the domains of physical function, role limitations due to physical dysfunction, bodily pain, and general health. The scores for the mental health subscales were higher and ranged between 55 and 79 for vitality, mental health, role limitations due to emotional problems, and social function.
The regression coefficient summary for independent variables in univariate regression on the HRQoL subscales of physical function and role limitations due to emotional problems is presented in Table III . The variables that were significantly associated with the physical function subscale consisted of age, height, COT, PWT, 6MWD, gait speed, all WIQ measures, daily walking and daily walking cadence, all six ADL measures, sex, diabetes, abdominal obesity, chronic obstructive pulmonary disease, and history of stumbling while walking. The variables that were significantly associated with the role limitations due to emotional problems subscale consisted of PWT, 6MWD, all WIQ measures, daily walking cadence, five of the six ADL measures, fear of falling, and history of stumbling while walking.
The regression coefficient summary for predictors included in a multivariate regression on the HRQoL subscale of physical function is shown in Table IV . The significant predictors of the physical function subscale included WIQ speed score (P < .001), history of stumbling while walking (P < .001), WIQ stair climbing score (P ¼ .001), ADL associated with bathing (P ¼ .001), 6MWD (P ¼ .004), and daily walking cadence (P ¼ .043). The R 2 for the overall model for the physical function subscale was 0.648 (P < .001).
The regression coefficient summary for predictors included in a multivariate regression on the HRQoL subscale of role limitations due to emotional problems is displayed in Table V . The significant predictors of the role limitations due to emotional problems subscale included a history of stumbling while walking (P < .001), the ADL associated with transferring from a bed to a chair (P < .001), and the WIQ distance score (P ¼ .022). The R 2 for the overall model for the role limitations due to emotional problems subscale was 0.278 (P < .001).
DISCUSSION
The primary novel finding was that patient-based measurements of physical function were the strongest predictors of both physical and mental subscales of HRQoL, with a history of stumbling while walking being particularly important. Objective measurements of physical function (6MWD and daily walking cadence) were predictive only of the physical function subscale. Finally, comorbid conditions and objective measures of PAD severity, such as ABI, COT, and PWT, were not predictive of either HRQoL subscale.
Predictors of physical function subscale of HRQoL. The four strongest predictors of the physical function subscale of HRQoL were all patient-based measures of physical function in the following order of strength: WIQ speed score, history of stumbling while walking, WIQ stair climbing score, and ADL associated with bathing. The WIQ speed and stair climbing scores were positively associated with the physical function subscale, indicating that higher patient-based ability to walk fast and to climb stairs was associated with higher HRQoL, whereas those reporting a history of stumbling while walking and having any difficulty in bathing had lower HRQoL. The remaining two predictors in the model were objective measures of physical function, consisting of 6MWD and daily walking cadence while being monitored in the community setting. Although all of the objective and patient-based measures of physical function were significantly associated with the physical function subscale of HRQoL on a univariate basis, our data indicate that the physical function subscale is more closely related to patient-based physical function in patients with symptomatic PAD than to objective measurements of physical function. The patient-based and objective measurements of physical function are all inter-related. When multivariate analyses are performed and the strongest predictor of the physical function subscale of HRQoL is entered into the model, the remaining objective and patient-based measures of physical function may become more weakly associated with the physical function subscale or lose their significance altogether. Based on the multivariate findings, interventions designed to improve claudication must be effective enough to make meaningful changes in the patient's perceptions of functioning better in typical daily activities. Thus, a standard walking program to treat claudication 14 could be supplemented with a program of physical therapy that focuses on improving the quality of performing functional tasks, such as walking with better balance, improving transferring skills, and negotiating up and down stairs more effectively.
Our results support previous studies that found objective measures of PAD severity to be only weakly related to HRQoL. 10, [17] [18] [19] PWT during a treadmill test, which is considered an objective PAD-specific measure of ambulatory limitation, was only the seventh strongest predictor in the multivariate model for the physical function HRQoL subscale and did not reach statistical significance. Furthermore, COT during a treadmill test and ABI were not included in the multivariate model predicting the physical function HRQoL subscale. Our results support a previous investigation that found ABI was not a significant predictor of the physical component score in individuals with PAD who were recruited from the community setting. 9 In our study, the weak associations between PAD-specific measures and HRQoL in patients with symptomatic PAD became even weaker and nonsignificant when they were considered along with patient-based measures of physical function and comorbid conditions. Consequently, the physical function HRQoL subscale can be better predicted in patients with symptomatic PAD from a battery of more general questions related to physical function, such as being able to walk at various speeds and to climb stairs, having a history of stumbling while walking, and having any difficulty in bathing.
Predictors of role limitations due to emotional problems subscale of HRQoL. Similar to our observations with the physical function subscale of HRQoL, the three significant predictors of the role limitations due to emotional problems subscale were all patient-based measures of physical function in the following order of strength: history of stumbling while walking, ADL associated with transferring from a bed to a chair, and WIQ distance score. Having a history of stumbling while walking and reporting any difficulty in transferring from a bed to a chair were both negatively associated with the role limitations due to emotional problems subscale, whereas the WIQ distance score was positively associated.
Our study supports previous investigations that found objective measures of PAD severity, such as ABI, COT, and PWT, are not related to the role limitations due to emotional problems subscale of HRQoL in patients with symptomatic PAD, 10, 17 but it is in disagreement with one study that found absolute claudication distance during a treadmill test to be a weak but significant predictor. 37 More important, this study extends the literature by showing that patient-based measures of physical function were the primary predictors of the role limitations due to emotional problems subscale of HRQoL rather than objective measures of PAD severity. This is the first study to identify the importance of having a history of stumbling while walking and having any difficulty in performing the ADL associated with transferring from a bed to a chair, as they are the two most significant predictors. This is not surprising, given that the role limitations due to emotional problems subscale assesses how emotional problems result in the problems with work or with ADLs. 17 Having a history of stumbling while walking appears to be of particular significance as it also was the second most significant predictor in the multivariate model for the physical function subscale of HRQoL, indicating that unsteadiness during walking negatively affects both physical and mental aspects of HRQoL in patients with symptomatic PAD. Furthermore, history of stumbling while walking is more predictive than objective functional measures of PAD severity, such as COT, PWT, and 6MWD, and suggests that patients with PAD have balance impairments while they ambulate. We have previously found that patients with PAD have worse balance and higher prevalence of falling than controls without PAD 38 and that their impaired balance is correlated with greater rate of falling.
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Limitations. It is possible that there was a self-selection bias related to study participation as patients were volunteers and may represent those with the highest interest in participating, the best access to transportation, and the best health compared with nonvolunteers. Although prior exercise habits could be a potential bias, we believe this possibility is very small, given that none of the patients reported that they were exercising on a regular basis, which was confirmed by the results from the 7 days of activity monitoring. On average, the patients were extremely sedentary; they took fewer than 3300 strides per day (<6600 steps per day) at a very slow mean cadence (rate of stepping). Another limitation is that we focused our statistical analyses using regression modeling on only two of the eight HRQoL subscales, consisting of physical function and the role limitations due to emotional problems. As described in our methodology, we selected these two subscales on the basis of our previous work in which they were the most impaired compared with national norms among all of the subscales representing both physical health and mental health. 17 Although it is likely that the regression models of the remaining six subscales would not have been identical to the models for the subscales of physical function and role limitations due to emotional problems, we believe that many of the predictors of these two subscales would have been included in the remaining six subscales because of the inter-relationships that exist among all of the subscales. In addition, these results are applicable only to symptomatic PAD patients and may not generalize to patients with different disease severity and to younger patients who may have better perceived and objectively measured physical function than the current patients, which could translate to better HRQoL scores. Finally, the cross-sectional design of this study is a limitation because significant associations found among variables do not provide evidence of causality. However, these results are generalizable to symptomatic patients with PAD, who typically have high prevalence of comorbid conditions.
CONCLUSIONS
Physical and mental subscales of HRQoL in symptomatic patients with PAD are primarily predicted by patient-based physical function rather than by more specific markers of PAD severity and comorbid conditions. The clinical significance is that interventions designed to improve HRQoL should focus on improving the quality of executing functional tasks, such as walking more steadily without stumbling; completing ADLs that are not specific to walking, such as bathing and transferring; and improving patient-based ability to walk various distances and speeds and to climb stairs.
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